nectaries, osmophores, stylar channels, obturators, some regions of the style head and at times portions of the corona (Rao and Ganguli 1963; Kunze 1991 Kunze , 1997 Valente 1995; Valente and Costa 2005; Demarco and Castro 2008; Wiemer et al. 2012; Demarco 2008 Demarco , 2014 Demarco , 2015 Demarco , 2017 . However, the vast majority of the studies that investigated the floral structure in this group analyzed only the adult flower but did not observe the flower development. The lack of indepth studies in the intermediate stages of the floral organ formation generates a loss of important information to understand the function of the floral secretory apparatus because each secretory structure starts its activity in a specific time of flower ontogeny and this secretory period is directly related to its function (Demarco 2008) .
Previous ontogenetic analyses of asclepiad flowers detected the possible presence of a secretory structure in the guide rail of various species (pers. obs.), which has never been described. It is formed during the floral bud development and degenerates before anthesis. The goal of this study was to verify the occurrence of glands in the guide rail and their possible role in the pollination of asclepiads through ontogenetic and structural investigation of the staminal wings, in addition to a histochemical analysis of their secretion in five genera of Asclepiadeae (Asclepiadoideae). For micromorphological analysis, flowers fixed in FAA were isolated, dehydrated in ethanol series, critical point dried, mounted on stubs and sputter-coated with gold.
Material and methods

Several inflorescences from
The observations and recording of images were performed using a scanning electron microscope (Jeol JSM 5800 LV, Tokyo, Japan).
Seven developmental stages were selected for the ontogenetic study of the staminal wing based on the morphological changes observed during the flowers development, avoiding possible discrepancies caused by the different sizes of flowers among species: 1) floral meristem; 2) primordia of petals, stamens, and carpels completely wrapped by the calyx; 3) beginning of corolla elongation; 4) buds with half the final length; 5) pre-anthesis; 6) anthesis; 7) post-anthesis. Thirty floral buds and flowers of each species were isolated, dehydrated in a butyl series (Johansen 1940) , embedded in Paraplast, and transversely and longitudinally sectioned with a 10-12 µm thickness using a rotary microtome (Microm HM340E, Walldorf, Germany). The sections were stained with astra blue and safranin (Gerlach 1984) , and the slides were mounted in Permount (Fisher Scientific, Pittsburgh, USA).
For the histochemical study, the following treatments were performed to identify the constituents of the wing gland secretion: ruthenium red for acidic mucilage (Gregory and Baas 1989), tannic acid and ferric chloride for mucilage (Pizzolato 1977) The control for the tests of lipophilic substances were carried out using floral buds previously kept in a solution consisting of methanol, chloroform, water, and hydrochloric acid (High 1984) for 48 h at room temperature. The control for hydrophilic substances was performed according to the respective techniques. All photomicrographs were taken using an Olympus BX51 microscope (Melville, USA).
Results
Morphology of the flowers
The flowers of all studied species have five stamens with prominent staminal corona on the dorsal face (Figs. 1a and 2 (Figs. 3g and 3h ). The wing is formed exclusively by anther tissues only in Matelea (Fig. 3f) .
In all species studied, the wings are not vascularized and become lignified in adult flowers (Figs. 2, 4 , and 5a-5f). In Asclepias, Blepharodon, Peplonia and Oxypetalum, the wings are long and extend vertically, parallel to the axis of the flower (Figs. 1a and 3g) , while in Matelea they are short and horizontal (Fig. 4i) , perpendicular to the axis of the flower.
Structure of the guide rail
The wings of two adjacent stamens delimit the guide rail (Figs. 3h, 4, and 5), which possesses two distinct chambers (Figs. 4a and 4b). The outer chamber is located between the secretory portions of staminal wings (or between the outer and inner guide rails) (Figs. 4a, 4b, 4j, 5a , and 5e), where trichomes oriented towards the flower base may be found (Figs. 3g, 3h, 4d, 4g, 4h, 4j, 4k, . In contrast, the inner chamber is bound externally by wing glands (or the inner guide rail) and internally by the stigmatic chamber (Figs. 4a and 5b).
In Asclepias, Matelea and Oxypetalum, the inner chamber of the guide rail is continuous with the stigmatic chamber along almost the entire length and can be distinguished from the latter due to the absence of secretory epidermis (Figs. 4a and 4j).
On the other hand, this chamber is isolated from the stigmatic chamber by protrusions of the stamens in Peplonia (Fig. 5b) , and in Blepharodon the guide rail has only one chamber, where the pollinium or part of the pollinarium is inserted (Figs. 3j and 4d ).
The guide rail of all species have a wider aperture at the base, tapering toward the top, but Blepharodon is distinct from the other species by having the widest base. 
Structure and histochemistry of the wing gland
The gland occurs in two regions of the wing: one external on the margin of the wing (outer guide rail) and a second, internal and on a bulge (inner guide rail) formed by the proliferation of the ground meristem (Figs. 4a, 4b , 4d, 4e, 5a, and 5e). The secretory tissue is present along almost the entire length of the wing (Figs. 4f, 4i, and 5f) and is absent only at its upper and lower ends.
Only the uniseriate epidermis which covers a core of ground parenchyma of the wing gland is secretory (Figs. 4b, 4d-4f , 4i, 5a, and 5e-5i). The shape of these epidermal secretory cells vary in the outer gland from square, observed in Peplonia (Fig. 5a ), to rectangular, observed in Oxypetalum (Fig. 5e ). However, they are typically rectangular and arranged in a palisade in the inner gland of all species studied (Figs. 4b, 4d-4f, 5a, 5e, and 5f), except Matelea, where they are square (Fig. 4i) . In all secretory cells, the walls are thin, the cytoplasm appears dense 5e , and 5f) with small globules (Figs. 4e and 4f) and the nucleus occupies a central position in the cell (Fig. 5f ). Their secretion is composed of mucilage and lipids (Figs. 5g-5i and Table 2 ) and is released within the guide rail, where they remain throughout anthesis. However, the secretion is often removed from this slit during fixation and processing of the samples and may not be observed in the anatomical sections.
Function of the wing gland
The wing gland begins its secretory activity in the stage 4 and degenerates (Figs. 4 and 5) . The wing gland initially occupies a large volume inside the guide rail but after it degenerates, the gap left behind will allow later the insertion of the pollinium or part of the pollinarium. In mature flowers, the wings of the stamens and the trichomes found inside the slit are completely lignified (Figs. 4g, 4h , 4j, 4k, 5c, and 5d), the glands are shrunk, and the outer and inner chambers form a single continuous cavity with the stigmatic chamber in Asclepias (Fig. 4c) and Oxypetalum. In Blepharodon, Peplonia and Matelea, there is a spatial separation of the guide rail and the stigmatic chamber due to a broader protrusion of the inner guide rail (Figs. 4g, 4j, and 5b).
In the top view of the gynostegium, only the outer chamber is exposed at the upper portion of the guide rail because the style head covers the stigmatic chamber and, at times, the inner chamber of the guide rail (Figs. 1c, 3g , and 5c) and it is not possible to insert the pollinium in this part through the top. In fact, the guide rail directs the pollinator body part and receives the pollinium in the inner chamber of the guide rail or in the stigmatic chamber through its basal aperture, where the pollen germinates (Fig.   3j ).
Discussion
Flowers of asclepiads have several secretory structures involved in pollination and protection strategies (Demarco 2017 and references therein). In the present study, a novel floral gland is described on the staminal wing, and is likely related to the double function of the guide rail: guiding a part of the insect's body toward the corpusculum and receiving the pollinium into the guide rail itself or into the stigmatic chamber. However, Safwat (1962) opposed this hypothesis, claiming that in Secamone (currently Secamonoideae, sister group of Asclepiadoideae) the four pollen sacs are fertile and the guide rail is also present. After these studies, Kunze (1996) performed an extensive ontogenetic and anatomical study analyzing several genera of Apocynaceae belonging to different subfamilies and interpreted the guide rail again as basal elongations of dorsal pollen sacs, due mainly to the extension of the endothecial tissue into the staminal wings. The present study confirmed that the origin of this structure is exclusively derived from the tissues of the anthers in Matelea. On the other hand, the ontogenetic origin of the staminal wings in flowers of other Asclepiadeae is variable. In D r a f t anther are congenitally fused to the filament and/or to the filament tube. However, the reinforcement necessary for the guiding function of the staminal wings may have been an important evolutionary factor for the presence of lignified tissue in these structures, and the developmental analysis shows that the origin of the wing basal part is from the filament tube. Therefore, it is undeniable that the predominant participation of anther in the formation of the guide rail and the basal portion of the wing seems to be influenced by the differentiation of its antheral portion, but to definitively distinguish whether the portion originating from the filament comes from exclusive tissues of this part of the stamen or not will require an analysis of the expression of specific anther genes. Based on these arguments, I propose changing the term "anther wing" to "staminal wing" for asclepiads, avoiding the use of a term which refers to an exclusive origin from a part of the stamen.
Wing gland
All five species studied, belonging to four subtribes of Asclepiadeae, have glands on the staminal wings. Although several studies have been performed with this group, few have detected a protrusion on the outer and inner guide rail. Kunze (1995) observed them in Matelea reticulata (Engelm.) Woodson and designated these structures as pads. Valente (1995) reported them as "small expansions" in Matelea maritima subsp. ganglinosa (Vell.) Font. In addition, it is possible to observe the presence of the gland in illustrations of other works (e.g. Kunze 1996), although the authors did not describe this structure as being one. The first reference to the possible presence of secretory cells on the staminal wing was made by Valente (1977) in flowers of Oxypetalum banksii.
Guide rails of four out of the five species studied are divided into two chambers:
an outer chamber, located between the wing glands (or between the outer and inner D r a f t guide rails), and the inner chamber, located between the stigmatic chamber and the inner guide rail. The outer chamber has lignified trichomes directed towards the base of the flower, which also occur in several other genera (Konta et al. 1986; Kunze 1991 Kunze , 1996 Wiemer et al. 2012) . This orientation of the trichomes within the inner guide rail helps prevent a downward movement of the inserted caudicle (Wiemer et al. 2012 ).
Simple, undivided guide rails, as observed in Blepharodon, have been interpreted as a plesiomorphic character due to their presence in Secamone or as an adaptation to the type of insertion of pollinium (Kunze 1991).
According to Kunze (1991 Kunze ( , 1996 , the chamber with lignified trichomes is where the proboscis of the insect arrives, and the chamber without trichomes receives the pollinium. When the proboscis is inserted into the guide rail after collecting nectar, the insect can only remove it if it makes a forward and upward movement due to the lignified trichomes directed toward the base of the flower. Thus, the proboscis contacts the corpusculum adhering to it, and the pollinium brought by the pollinator is retained within the guide rail or within the stigmatic chamber by breaking the translator. The translator rupture is due to the narrowing of the guide rail upward associated with the presence of lignified trichomes or to an inwardly curved striated surface of the staminal wing (Kunze 1991; Liede 1994; Wiemer et al. 2012; Endress 2016) .
In addition to the morphology of the guide rail, the shape and composition of the translator aid in the release of pollinium from the pollinator. The rupture of the translator occurs in the caudicle due to its chemical composition distinct from the corpusculum, which makes it more fragile (Demarco 2014). Furthermore, the terminal thickening of some caudicles seems to function as a guiding structure since the pollinium insertion occurs only after the thickened part is caught at the inner guide rail entrance (Wiemer et al. 2012 ).
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In conclusion, the present study demonstrates that the glands of the staminal wing have their origin, secretory phase and senescence during intermediate stages of development of the floral buds. It also suggests that, based on the location of these glands and the viscous nature of the secretion, it is highly possible that the secretion released within the slit, at times full of lignified trichomes, might serve as a lubricant, facilitating the entrance of a part of the insect's body and/or assisting in the removal of pollinarium adhered to the insect. The disintegration of the gland before anthesis increases the area of the guide rail, which is very narrow, allowing the introduction of the proboscis and/or pollinium into it.
The function assigned to the wing gland and its presence in different subtribes of Asclepiadeae suggests that it may be present in floral buds of all asclepiads (Asclepiadoideae) or, at least, all Asclepiadeae. Polarization microscopy of the staminal wings, evidencing the secondary cell walls of the lignified tissues. Narrow arrow, necrotic wing gland; Wide arrow, secretory epidermis; Gi, inner guide rail; Gic, inner chamber of the guide rail; Go, outer guide rail; Goc, outer chamber of the guide rail; SC, stigmatic chamber; Ws, staminal wing. 
